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PROBLEM TO BE SOLVED: To 
- relax the strain due to the 
difference between the thermal 
expansion coefficients of a sapphire 
substrate and a gallium nitride 
crystal by a method wherein a 
buffer layer of a specified structural 
formula is used on the sapphire 
substrate. 

SOLUTION: The growth of a gallium 
nitride(GaN) crystal is performed 
using an organic metal vapor growth 
(MOVPE) method. Before the 
growth, a sapphire substrate (AI203 
substrate) 60 is subjected to 
organic cleaning by ultrasonic waves 
and thereafter, the substrate 60 is 
installed in a reaction furnace of an 
MOVPE unit. After the interior of 
the furnace is evacuated, the 
substrate 60 is heated for about 1 5 
minutes at about 1 100" C in a 
hydrogen atmosphere of about 
70Torr and the surface of the 
substrate is subjected to cleaning. 
In the case where the GaN crystal 
is grown on the substrate 60, first, 
the substrate 60 is cooled down to 
about 500' G and thereafter, about 
2^mol/ minute of a trimethylgallium 
(TMG). 2.5L/minute of ammonia and 
a 2L/minute of carrier hydrogen are 
fed to the substrate to grow a low- 
temperature GaN buffer layer 6t in 
a thickness of about 30nm on the 
substrate 60. Then, after a GaN 
buffer layer 62 is grown in a 
thickness of the about 500nm at 
about 1000° C. t Opmol/minute of a 
TMA is flowed to grow an AlxGal- 
xN (0.10<x<0.14) layer 63 in a 
thickness of about 2Mm at about 
1000' C. 




COPYRIGHT: (C)1998.JPO 



ma^m^^nnr (j p) 



02) 45t Ifl 4$ it ^ $R (A) 



(BDIntCl." 

HOIS 3/18 
HOIL 21/205 
33/00 



#^¥10- 150245 

(43) ^WB ^*!lclO¥(1998)6 ^2B 



F 1 

HOIS 3/18 
HOIL 21/205 
33/00 



(21)ffl»## 


#«3p8 -310333 


(71)MBIA 


000005821 












^^8¥(1996)11^21B 










(72) 
















































a2mmm 
























(74) A 













(54) i^m<r>^m mt:^v^2^m^mi^<Dm&-:^m 

(57) mm 

Zhi^-'X^^^fzi^. f^^J: n i^mti^^f^^ir^^ 1/10 0 
(1 O'cm . ^^$^1/5 0(8X1 O'dyn/cm') 

^ho y VT§6 3(7:)m^^x-0. 1 2. mW 



-69 p'"-GaN=i>^'^b» 
-68 p-ALxGoi-KN^^^vKfli 

-66 InGaNISS-?' 

^65 GaN^:OVK» 

^64 n-AUGai-)(Ni75'S'K» 

-63 n"^-AlxGai-«N 

-62 n"^-GoN/N'«y-:?7-» 
-61 ^£aGaNM'-y3'7-« 



(2) 

1 

aN) ^.^mit(^^-^BBhtmU-<^-^^h^r. AlxGai . 
[if^ii2] A K G 3] xN^^'y VrH (0. 1 0^ 

X ^ 0 . 1 4 ) ^^^4" < ^ ^ 2 mi-:i±^Si->6ii^Ji 

1 HEUc^OG a N.f;^if.ft-^0$l^^t;^i£c 

im^m 3 1 -7 T Y T G a N 

^^Mif&'R^'i^'^'^^r. /s--;.-7rl±i:t&T-S^"-r^A 10 
1 Ga I nNf-^B^B^J3c:^i-^XfS^^i-^if^Jll i 

[is>]^Ji 4 1 }kitmmm^±^<^ g a n ^4^2* ^^o*^ 

H^H^S:^?4-e*)oT. InxGai xN/<y7Tli^^K 

[if^^iSl In.Ga. xN^'^^yVT^iOMMx^ 
0. 01^x^0. 03i: U-C^Si-^it^Ji4 UfB^O 
GaN^.^iff$:c^^ii^fic 

[IS^Jie] InxGai xN/^'-y-7T^ (0.0 1^ 
X ^ 0 . 0 3 ) ^^^4' < i: ^ 2 mUX^^-t^Xfl^ 20 

lit ^Ji 7 ] ^ftS^^SX^^O G a N ^^<7)^t 

^Bf^^lj'i^r^^-oX. y Vr lXi-t^T-ll-^^l-^A 1 

Ga I nm^^B^f&^i-^:^^^'^^'^^tm^6 t>ztm 

COG a N^4^2if*;<7)|^^:^v£„ 
[0 0 0 1 I 

[^^m<^m-t ^m^T^m • ^fe^iv&^^Tt 

^T-^0^^*t#t:-2b'5> G a N^. I I I -Vmit'k^^^^ 
lO 0 0 2] 

c7^^?J^^^"^ '9 . mitiJ'^J'y^ (GaN) I I I-VJ^. 

[0 0 0 3] 'i^^<7)G ^^^^J^ytm'?'iz-D\.^x^m'r 
y^o ijt^^OG a N.^i^7t^T-i:ii. it#r?fW4 - 2 9 7 0 40 

(7)T-^>6c CO/<-77T^t LTti. AlGaNJii-ffl 
ii. I n A 1 G a Nl^^<y 7Tli: tTffii^^^ 

[0 0 0 4] -^f 7T ^r^+^±(lG a N^tB^ai-fic 

at L /"JrlmTfiCTii^ fjapanese Journal of Applied Physics, 50 



^^r^fW 1 0 - 1 5 0 2 4 5 
2 

Vol.32 (1993) pp. 1528-1533J Ctj^^^Tv^^c CO 
[ 0 0 0 5] 

[^f3^;!j^^ft?i^L.i: -9 ^i-'S)!?.!!] L/jTi^oT. #r^1^4 
- 2 9 7 0 2 3^^^$KS.OT#r^¥8 - 7013 ^^"hm^ 

^7)^7t^T--eii. /<-y 7 T^iCA 1 G a NSiO^'l n A 1 

7T)l±t:^Mi-<^G aN.^.4^iff^vC0:^7 y ^'CO^^H 
c>v^Tli#^$^iTi5iQ-f ^ [Japanese Journal of Ap 

plied Physics, Vol.32 (1993) pp. 1528-1533J <nm\ 
t-h-tiUt^ A 1 G a NSiC^'I n A 1 G a N/^-y "7 rif 
X^OG a N.^vt-^f$:^> . ^"7 r 1' TStS^ cOM^^Ii^f^ 

[0 0 0 6] ^ct:\ ^mm. mmmw.mz^h^ 

(^'^^'ftii^ (S i C) »SX<75G aN.^.^2ff4:tI#liU 
it ^ j^fiti- ^ - h ^ g at] t i- ^ o 

[0 0 0 7] 

[0 0 0 8] -^^T ^T»SX-^(75G a 

N^^ijiiff^vCO^gB^a/jic^gt^i^v^T. AIxGai xNy<y7 
(0. 1 O^x^O. 1 4) ^fflv^-?>^iti:-r'2>^(75 

Xh^o C<7)ftitm: -^•7T-i'T.»S:;i)^ib)±fi^^ 
$tt/j'ltlHT^<^. ^i-^(I^3{t'?) G a NiOt&T-^^h A 1 

ho '\MZ. A 1 m^t'^y. -0.12 ^^fll^m 

[0 0 0 9] I^X<0^|5:ii:. mf^-f^^mz^^^X . 
A IxGa, xNy-^yy'T^ (0.10^x^0.14) O 

mw^'ptsi<.hi^2 ^xTi^X}L}i-thi,(DXhh, ccotS 

[0 0 10] I^Hco^l^ti. ^yT^r^M±^<DGa 

/N-y 7rlXtlt&T-^^-i-^ A 1 Ga I nN^^n^B^/?£K 
-t'iXfl^l-m^i-^G a N.^^§l7t^T-(7>|^5t9:viS.<:>^ 
5&^^T-tll3iT'^)^o C^T^tHjilcJ: 0. y<y ^TifXco 
G a N^^#?f-f*:i^SlcO^(iiW^n^ V y ^O^^i^^- 
ti^ry^^rti^^-tzti^-'X^hc ifz. ^izXi>mmf. 
^h[Z. i&1l^^l^ra67^j^< y VrlX^T^frGaN^. 



( 3 ) 



3 



(D^^U. T-v >r 7^ O 7°n -b X iff fl ^ laH t Kk^'S 

[0 0 1 1] mm<D^mt. mtim^^±.^^G 

G aN<7)t&T-^l^i: I n G a 'y 7 r 1 ^ Ot&^-TElt 

10 0 1 21 m^(o^^%{t. fjiBi^[zgo^im^i.^-c. 

I nx G ai . N^<-y 7 rl(7) I n^mfSx ^ 0 . 0 1 ^ x 
^0. 0 3 i:-t-^4)C0t:-^^o (7)ttiit: J: ^9 . ^|o?I 

h I nC aN^^'^y VTlh<7)tg-i^^|^[h^S£lii"-?>^7^ 

ii^ffM-e^i'^o 1 nMiS^^'x^O. 0 2cOi3§ 

In.Gai xNy<y7T)i (0.01^x^0.03) <D 

[0014] m^::(D^mt. m.\m.mm^±.^<oG a N 

y 7T^±{Ct§T-Sl^i--$.A 1 Ga I nmM^B^f^^-t 

^biz, ?m'i^^^i6/^/<-y-7Tl±co.-^:G aN.^ 

[0 0 15] 

[0016] mm<nmB i ) -^^-7 r < rm^fm-^i^ 

^ ixfz G a N^^B^B.'ili^f^:^^'^ < . i ^ 7 y t 50 



^^mW- 1 0 - 1 5 0 2 4 5 
4 

■^-ti/V ZiHX rjapanese journal of Applied Physic 
s. Vol.32 (1993) pp. 1528-1533J iZ X i> tl:iT<^m.m 
Xim^n^c G aNt^7T^TT-|it&T-^^^-W 

16%, mtmimm'^'o \3o%xh^ mi) o 

ZMzsb. •if7T^T^t5±{:GaN^^^-r^iif#tC 

it. 'i^^BJ^m^r^^'^'r^^W^\zX 19 ^ X7 ^ 7 

^If^lr^^U J: ^9 ^ <75 = X 7 < y h $r.f5:7!i^~G a N ^® t 

fS«JtSjtef2:t4*f9. tfz^'y^-j ^iy^^-th m 

2) o f.tmi:L-C> #^1 0'''cm ''^<r>^'^mMtLii'<i2i 
(0 0 1 7] [2]3 1i. G aN, ^ 7 r ^ T S.C'^'-^^ r ^ 

[0 0 18] [113 n^^v^T. ^m^^^^t^mmm^M 

^jf-.-tZtiztjihc •^7r -YTiiG a Net ^9 (j^yi^^i^ 
m-'mi 3 0%:^^V^/ci6(C, ^:Sf^C0i^^iPigfI'e-^7 
T ^ T^1S±60G a N^Sa^HlililifS^^^'xift^ ^ iitl'S: 

ZCOJimmtm^Xm^ . 5X l O'dyn/cm'-c^^^S 
^I.fi'b^i^ C^Ol^*. E13(7)A.a:coJ:^H-^7r 
«±^7^G a N^.^0^B(it&^^^^75^~^5|tJ: 0 ^/h^ < ^ 

G a N^.4^#miA 1 X G ai X N (0.10^x^0.1 
4) T*i9^ ^n^/^-y 7Tli(iM1''?)'li:(^i: '9, 
li^fz^3iti0^t3l/4 (1 O'dyn/cm'-^) \Z\^m-hZt 

n^mmxh^i. ^^i/t^^o^^i/s o^osx i o"d 

yn/cm' i TlS:?^^:^ ^ . ^11*201-^ ^ 7 -y ^ 
[0 0 19] G aNCO*^B^g^^(±^^^J^^te^^ (M 

OVPE) m^m^x'ilno ^^mz. ^yr^rm^ 

^m%Ltz'ik. 7 0Torr(7)7K^#ISMlIi3^v^T^^}l 1 0 
[0020] -^j-7r i'T«^±{lG aN^;S::Kt^^it 

i-ri'^^s 0 oicuPfi^L/cf^. h') 

(TMG) ^2 /^^^l^/^?-, T>^-T^2.5L/ 

^ ^ '9 T;:K^^r 2 L/:^«& LTiai^G a y 7 
Tfii-It)3 Onm^fti-^o ^^^10 0 Or-CG a N 

AUGai.N (0.1 0^x^0.14) m'^J^^'t^ 
Jii£(7:)1g:SG aN/^-y 7t1 (3 Onin) , GaN 

y^yyrm (SOOnra) ^/S^f^:. V ?i ^ )l T )l < ^ 

yi. (TMA) ^ 1 0/. ^^^/55irLtT^:^ 1 0 0 or-r 

AKGai .Nm^^^'rZ umf&R-ti>o 
[0 0 2 1 ] '^I^C:. A U G a , » N ( x = 0 . 1 2 ) 

y 7T li:piffl-t^^ t(:<i 19. -y ^^o^^ 
i)^±^'^{Ztim ^ i'i^ lilies i^^^l 0 ' era ' -aSHiivfeUr 
^tz, Ltzij^^^X. Rtj^dAKGai . y 7 r ff 



(4 ) 



[0 0 2 2] (Mmmm 2 ) mm.mm^}:i{zr^^^ 

iifz G a N^B^B ^ %i.\tLii''^ < . i ^ v 7 ^ ^) 
fi^tG aN^Ot&T-^S^^75^*^3. 5% ([D 1 ) i:/J^ 
Ixfl^WU^n^c L/j^L^Ti^^^b. 3 0% (mi) <n 
xmm-t^^t{Z^j:h (m4) o #-Jl O-'cm 10 

[0023] lasiiGaN, iKimm^v^'fKitim&^K 

[0 0 2 4] g]5ni^v^T, ^^.^(Dmbummm^ 
^7r^-tzt{zfj:^o G aNii^^cji^i: 0 i>mtmmi 
^H^i 3 o%±^^^fziO{z, f&m^ik<Dr^^m^^'(:jKim 

mmU±(D G a N^ta^Hli? I o ?i Hl.^ t ^ ^ t U 5^ 

CC7)^|o^«9^(i^r^T-^^2. 6X 1 O-'dyn/cm- t:' 
t^mhi^. Z.<Dfzi6. m5<^B,^.(DXniZjKiti^ 20 
^»S±cOG a N^.SB^H(i^&T-^IJc^^'^^i: ^5 ^ < 

o 

[0 0 2 51 Z<Dm^^ m^XZ<7:>^^^7^n (B,^J 
^^"i-'S^Oii: I nx G ai . X N (0.01^x^0.03) 

f;£5^t75^t 1 / 2 tIjg:M-r' mZs In x = 

0- 02 Om^. Z<Dti}^:^^m^X^ '9 . 

1/1 0 (T:) 2 . 8 X 1 O'dyn/cm' tUSflt'C- ^ . ^(I^Sgl 
i"^ ^ ^ -y ^ S:C/^M$5f2:<7)M^^:^fi{^WiJ-t^ - t 
^''X^^o 30 

[0 0 2 6] f^^^f^mitmu mmmmi) tmm. 

[0 0 2 7] j^'fkii^^^giUG aN^fiJcMi-^t^^, 

iTf:^ 1 0 0 0 r-e h ^^;uT;b ^^^A^ 1 o ^ 

T>^^T=^ 2. 5 ^^UT7Km^2 
LX53^v^tLTi^|^a^B(7)A 1 N/< 7 7 r ^ 1 OnmJSM 
-r-So ^>:ti. [5]^UJ$^::TTMG^2,«^^^/'^, 

:^r=t2. 5 L/^T^W&LTG aNl^^'tiS 0 OnniB^^ 40 

-t^Qc t/-^. jkitimmn.Jc[zt-^Am\zx^\ nxCa 

1- xN (0.0 1^x^0.03) /l^i3<::^-t^i#^^. 
±i£OA 1 N^< y 7Tli (1 Onra) , GaN^^ vVr/i 

(SOOnm) ^b:S:^f^. h 'J ^■^^H'Vv^A (TM 
I ) i,\ 0 ;i ^ ;l-/^5->i/t LTtI:^ 7 5 0 "C-C- I nx G a i . 
N ^ y 7 T ^ ^:^';tJ 2 mf?ic:^i" •2>c 

[0 0 2 8] ^P^^i: I n> G ai xN (x-0. 0 2) ^ 

:/c1'iUTOlJ^it^ 1 O' cm '•^i-c«st•c■ 

l'/-:. oil), mlHdlnxGai , N^<y 7 rl^ffl^^T^- 50 



^r^W 1 0 - 1 5 0 2 4 5 
6 

[0 0 2 9] mtkmms) ^ki-. i.t^^^nm^^^yy 

^rmU±iZ^i^^tfz-4^mMiZX7^A 1 X G ai .N^^-y 

[0 0 3 0] -^yr-irmme o±uitJ5 o or 

TM&mG aN/^-y 7T^6 1 (30nm) ^JiSL^L. ^k^Z 
1 0 0 Or-r^n' -G a N^^-y 7t^ 6 2 (>') n> K 
-7°: lO'^cm ') ^ 5 0 OvrnfTim-r^o ^^^b 

'\&m<^fzib{z^^Am\zxhm%tA\.G xN (x = 

0.12) /N'-y7T^^:2y«m^l]t^^i"^o /^/iL, 
->'J K-7' (1 C^cm ') tT^>^7^c«:)n'-A 1 

xGai xN^<-y 7T/i6 ST^ab^o ^^Oim^^lSli^^ 
(i*^ 1 O'cm - , Mti^^S X 1 O'dya/cm' iTl&^^^ii 

[0 0 3 1] ttz. CliOAlxGai x N/^'■y 7 T^(±rl^ 

^ : 1 0 %) ^ \^\^m^<D^ -V u T ^7t(7)rri \i^h^ t 
mmxh^ztmr^xhho z.(Dfztb. vvn>^K 

-7' (1 O'^cm ') L/^n-A IxGai x N ^ 7 y KH 
6 4 (x = 0. 1 2) ^mi /jruf^mr^c A 
1 X G a 1 - X l^m<Dm%miW0 3 // m t *; ^ y 7 

[0 0 3 2] m^'X. G a N ( 6 Onm) ^itiJ^^ K/f 6 
5, 6 7 tLfzl no.2oGao.soNlil:d^#^fSt4® 6 

6 (3nm) ^j^^ir^o z(Dmm\mi ^ ox:x^m 
■t^o t<n'ik. ^cK^-ji 0 0 ot:t:#j^L. -7^'^-v7 

A ^ 7° ( 1 0 " cm ■'• ) L/J p - A 1 X G a 1 . X N ^ 7 
•y 6 8 ( X = 0 . 1 2 ) 1 m^ft^^o 1:^^ 
[Z, nMbt- I y ^ ^ y^thfzi^\Z^ p^-G 

aNn>:?^^Mi6 9 (-7 ^'^^ -> 7 A K- 7' : 1 0 ""cm 
') ^ 5 0nnifIlti3Jt:^i-^o 

[0 0 3 3] nffiiJ^M (Ti/A 1) liW— *f 

^T-^n'-A IxGai x N^<-y 7 6 3 i K7 
J.-yf->r^^^ pfBIJ^^^l (Ni/A 

u) lip'-G a N3 > ^ ^ h/i 6 9±ICX h ^ ^ 7°ilJS 1 

^^mtvy < ^> ^'xw^hx^ix. mm\>zit (9 

0/7 0%) (T^ii^SM:^- h^^tfe^^i^c 

[0 0 3 4 ] mmmmA) miitfk\m.mM^}zi:. 

W^^Lfzt^mmz I I nxGai x N/< y 7 r 1 ^ Iftr 
G a N ,^^7tS-T-tlliI<7)OT[l]-C$> ^ c M O V P E fiSS 

mx\^^'xy{z^^-<h, 

[0 0 3 5] Wdt'im ( n ' - S 1 C) 7 0 ±AZ^^ 1 
0 0 0t:'c A 1 N/< y 7 rff 7 1 ( 1 Onm) > n'-G a 



N^^'v7TJi7 2 {'y^) y-y": lO^^cm') ^5 

0 OnmlS^L. m^X^^^mi-X^ I G a, . N^<-y 
^rl (x = 0.02,) ^^'ti7 5 Or'c:-2 mfl^)5c:g 
i->6c /^/-iL. V 'J > =^ ( 1 O'^ciii ■ ) LT^ 
^/::i6n'- I nx G ai « N^< y 7x1 7 3 ^^^oTv^ 

1 0 ' dyn/cra- S Tl^-M ^ n ^ c 

[0 0 3 6] ^(D^k(D^y y VMitmll I nx G ai x N 

.twu+"-=^^-i-;&A 1 Ga I nN47n?MB^g-etifiS£;$n^ lo 

[0 0 3 7] >';n>^ K-y (1 0"ciD ') LT'jn- 
A 1 0 ir> G au.M. I n*. or, N ^ 7 -y 7 4 ^*-3 1 m 
fi£^L/::f^. G aNTfe^M K)i 7 5, 7 7 (6 Onm) ^ 

^i-^ I no...G ao «nNMl:i^#]^lSt4li7 6 ^3nm 
^:^i->So f^t^T. -^^^^^'y^ l^^ V--?" (1 0''c 
m' ) L/J p - A 1 (t . 1 ? G a 0 . I nc o N ^ 7 7 
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0.0 4) ^^^4^< 2 /^mW±5£:^i-^^^(:i: 

•;^i->5 7^^*^). rIj l5(7)$j:f>X^)t ^ ^ 1 / 1 0 llHif^i- 
;6 ^ 1 7:?^~nTtgi:4' 0 . ^.fp^G a N.^;4'-#f4^^l^ii-t-^ 

[ 0 0 4 7] i^^B^o^-bco-i^j^^-jiiciinii; iii^, 



L rrtlt^ ^ it X f-v ^ X ttit <7)f ij m pJ f 6 ^ 4' ^ c 

m2] j±mm\zxio^yr ^rmM±<DG aNmi,zn 

$ n/-^ G a Nf-Sa^a (GaN/Al. 0:! ) 'ElXI A \ . G a^ 
(x = 0. 1 2) (7)#t§i^^l^t-;^^or4i^:$r/T:-rEI 

[IDS] GaN, mtim. mmmm^i^^^zw^^^ix 

/jGaN^B^H (GaN/SiC) Sr/In^Gai xN (x = 0. 



( 6 ) #r^W 1 0 - 1 5 0 2 4 5 

10 

mi] ^^mn\zx.hmm.mM^±.<r)Mnum2^^M 

6 0 Ai.a^ts 

6 1 l&'^GaJvl/^-yVr/i 

6 2 n'-C,aN/< y 7 r 1 

6 3 n'-AlxGal-xN^< y 7 rlf 

6 4 n-AlxGal-xN^7 y K/f 

10 6 5 GaN^fe:^''^ 

6 6 InCaN^iT-^PTS-l^l 

6 7 GaNTfe:^'^ 

6 8 p-AlxGal-xNi?7 7 

6 9 p-GaNrJ>^^' Ml 

7 0 n-SiC»S 
7 1 A1NV^ 7 

7 2 n'-GaN^<7 VrM 

7 3 n' -InxGal-xN^ -y "7 r ^ 

7 4 n-AlGalnN^^ 

20 7 5 GaNTt^'^ YM 

1 6 InGaNMfti^^Py^tti^ 

7 7 GaN^#^ Ym 

7 8 p-AiGalnN^^ y YM 

7 9 p -GaNn>:$'^^ hlf 
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\m2\ 





GqN 


AleOs 


SiC 


a(n nn) 


0.3189 


0.4758 


0.3081 


(io'Vk) 


5.59 


7.5 


4.2 




14] 




me] 



69 p^-GaN^>5'i7h» 
■68 p — AUGoi-«N!7^»yK a 
■67 GaN:«:^Vt-"» 
■66 InGaNS*^ 

65 GaN:)t:tf-fh*»_ 

64 n— ALxGai-xNi75'5/KW 

63 n*-AUGai-KN 

62 n"'-GaN>''?'y:37'-« 
6' -(£aGaNA"«y^7-i» 

60 AlzOsSK 
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m^W- 1 0 - 1 5 0 2 4 5 
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79 p"*'-G<]Nzi>5'^7hJ» 
78 p-AlGaInNi?^n;KJl 

77 GoNityj^^m 

76 InGoNS*^ 

75 GoN^:^--<H^» 

74 n-AlGalnN^^^'vKJl 

73 n"^-InxGai-*N 

•72 n^-GaNz-Cv^^y-Jt 
71 AlNM'-y^TT-Jl 

70 n+-SiC«^S 



[72) '^m^ ^ ?itf 



